We give a numerical simulation of the generation of the magnetic field and the charge-separation signal due to the chiral magnetic effect (CME) -the induction of an electric current by the magnetic field in a parity-odd matter -in the collisions of isobaric nuclei, an ideal tool to disentangle the CME signal from the possible elliptic-flow driven background effects. We also discuss some other effects that can be tested by using the isobaric collisions.
Introduction
The chiral magnetic effect (CME) represents the generation of an electric current induced by the magnetic field in a parity-odd environment [1, 2] . In the hot quark-gluon matter generated in high-energy heavy-ion collisions, such a parity-odd environment may be produced from the vacuum transition induced by topologically nontrivial gluon fields, e.g., sphalerons. Thus the observation of the CME in heavy-ion collisions could provide a means to monitoring the topological sector of quantum chromodynamics (QCD). In recent years, the experimental search for the CME has been intensively performed in heavy-ion collisions at the RHIC and the LHC and encouraging results consistent with the expectation of CME were indeed observed. However, it is known that several elliptic-flow driven effects which are independent of the topological transition in QCD could possibly lead to similar results and therefore make the interpretation of the experimental data ambiguous.
Let us first briefly discuss the experimental observable to detect the CME and its background contributions; more information can be found in, e.g., Refs. [3, 4, 5, 6] . In the experiments of heavy-ion collisions, a three-point correlator,
was designed to detect the CME [7] , where φ α , φ β (α, β = ± is charge sign) are the azimuthal angles of the charged particles, Ψ RP is the angle of the reaction plane of a given event, and · · · denotes an average over all particle pairs and all the events. The CME would drive a charge separation with respect to the reaction plane and thus contribute a positive opposite-sign (OS) correlator and a negative same-sign (SS) correlator -a pattern indeed observed by the STAR Collaboration for Au + Au collisions as well as for Cu + Cu or U + U collisions [8, 9, 10, 11, 12] and by the ALICE Collaboration for Pb + Pb collisions at √ s NN = 2.76 TeV [13] . However, there exist ambiguities in the interpretation of the experimental results, as possible background effects that are not related to the CME, once coupled with elliptic flow (v 2 ), could also contribute to γ. Such effects include, e.g., local charge conservation [14, 15] , neutral resonance decays [16] , and transverse momentum conservation [14, 17, 18] . One way to disentangle the possible CME signal and the flow-related backgrounds is to use the prolate shape of the uranium nuclei [19] : In central U + U collisions, one expects sizable v 2 but a negligible magnetic field, and thus a vanishingly small CME contribution to the correlator γ. The corresponding measurement was performed by the STAR Collaboration in 2012 and they indeed found sizable v 2 while the difference between γ OS and γ SS , ∆γ ≡ γ OS − γ SS , is consistent with zero [10, 11] . More discussion can be found in Refs. [10, 11] . Another way is to vary the magnetic field with the backgrounds fixed [19] . This comes the idea of isobaric collisions.
Isobaric collisions and CME
Isobaric nuclei have the same atomic number but different charge numbers, e.g., the nuclei of Zr collisions. Therefore, one expects ∆γ in Ru + Ru collisions to be roughly 20% larger than that in Zr + Zr collisions if ∆γ is dominated by CME. On the other hand, if ∆γ is dominated by background effects, it will not show significant difference in the two collisions. In the following, we give our detailed numerical study following Ref. [20] .
We model the nucleon distribution of either Ru or Zr by the Woods-Saxon form (in rest frame),
where ρ 0 = 0.16 fm −3 , R 0 and a are the "radius" and the surface diffuseness parameter, respectively, and β 2 is the deformity of the nucleus. The parameter a is almost identical for Ru and Zr: a ≈ 0.46 fm. The current information for β 2 is ambiguous [21] : The e-A scattering experiments [22, 23] give β Ru 2 = 0.158 and β Zr 2 = 0.08 (which will be referred to as case 1) while the comprehensive model deductions [24] give β Ru 2 = 0.053 and β Zr 2 = 0.217 (which will be referred to as case 2). We in Fig. 1 (Left) show the numerical result for the event-averaged projected initial magnetic field squared,
(with m π the pion mass and Ψ B the azimuthal angle of the magnetic field), at the center of mass of the overlapping region for the two collision systems at 200 GeV, using the HIJING model [25, 26] . This quantity characterizes the magnetic field's capability of driving the CME signal in γ [27, 28] ) (similarly for R ǫ 2 , R S etc, below), approaches 15% (case 1) or 18% (case 2) for peripheral events, and reduces to about 13% (case 1 and case 2) for central events, as seen in Fig. 1 (Right) . On the other hand, the relative difference in the initial eccentricity, R ǫ 2 , obtained from the Monte Carlo Glauber simulation, is always much smaller than R B sq , as shown in the pink curves in Fig. 1 (Right) . This indicates that the v 2 -driven effects should stay almost the same (particularly for centrality bins > 20%) while the magnetic-field induced effect should behave quite differently between Ru + Ru and Zr + Zr collisions.
Given the initial magnetic fields and eccentricities, we now turn to discuss the charge-separation observable S ≡ N part ∆γ, where N part is used to compensate for the possible dilution effect [9, 29] . For this purpose, we take a two-component perturbative approach to the relative difference in S [30] ,
where we introduce bg ∈ [0, 1] to describe the background level. In Fig. 2 (Left) we show R S for the centrality range of 20 − 60% with bg = 2/3 and under the statistics of 400 × 10 6 events; in comparison, we show R ǫ 2 again. For both case 1 (red stars) and case 2 (pink shaded boxes) the relative difference in S is about 5% in the plotted centrality range. We checked that when we combine the events of 20 − 60% centralities, R S is 5σ above R ǫ 2 for both cases. We therefore conclude that the isobaric collisions provide a very promising test to pin down the underlying mechanism for the observed charge separation. In Fig. 2 (Right) we plot the relative difference in the CME signal, i.e., R S − R ǫ 2 , at 200 GeV with the statistics of 400 × 10 6 events, as a function of the background level bg. Such a plot will be useful for determining the background level when compared with the future experimental results. 
Testing other effects with isobaric collisions
Although the primary aim of running the isobaric collisions is to test the CME, there are other interesting effects that can be tested by the isobaric collisions. Here we list two of them.
(1) As we mentioned in last section, the current knowledge of the deformity (reflected in parameter β 2 ) of Ru and Zr nuclei is ambiguous: In case 1, Ru nucleus is more deformed while in case 2, the Zr nucleus is more deformed. As shown in Fig. 1 (Right) , the two cases lead to opposite trends in R ǫ 2 and thus would lead to opposite trends in R v 2 in the central events. Thus the v 2 measurements in central isobaric collisions will be useful to discern which nucleus is more deformed. (2) Recently, the global spin polarization of Λ orΛ baryon was measured by the STAR Collaboration in Au + Au collisions [31, 32] . The result shows evident splitting between the polarizations of Λ andΛ at energies lower than 39 GeV. One possible mechanism for this splitting is the magnetic field: Λ andΛ have opposite magnetic moments and thus the magnetic field can lead to opposite spin polarizations to them. Running isobaric collisions at lower energies will provide a rare opportunity to test whether the magnetic field is the dominant contribution to the spin polarization splitting between Λ andΛ.
Summary
We calculated numerically the initial magnetic field and its event-by-event fluctuation (reflected in B sq ) and the initial eccentricity of the overlapping region for isobaric collisions, Ru + Ru and Zr + Zr. We show that the isobaric collisions can provide a valuable opportunity to disentangle the CME signal from the elliptic-flow driven effects. The isobaric collisions may also be used to test some other interesting phenomena, like determining the deformity of Ru and Zr, or testing the spin polarization splitting between Λ andΛ.
